This paper addresses the use of eye structure and optics in the construction of crustacean phylogenies and presents an hypothesis for the evolution of superposition eyes in the Decapoda, 
Introduction
However, it is perhaps the response of the eye to adaptive pressures, resulting in convergence, that limits its usefulness in systematics. Particu- (Nilsson, 1989) . Such is the complexity of the optics of most compound eyes, it is likely that once one had evolved, it would not be replaced by another unless the latter bestowed a significant optical advantage.
It is for this reason that Land (1981) suggested that eye structure should be considered a conservative character. (Glaessner, 1969) , although the optics of some species of trilobite have been described (Clarkson & Levi-Setti, 1975 (Oaten, 1994 (Tiegs & Manton, 1958 (Land, 1984) . (Fig. 1C) ; this is the mechanism used in reflecting superposition eyes (Vogt, 1975; Land, 1976) . It has been shown (Vogt, 1977) that focus- (Nilsson, 1988 (Kunze, 1979 ).
Care must be taken when using the absence of eyeshine to confirm the optics as in many species the eyeshine disappears when the eye is exposed to light and may also vary according to the direction of observation (Exner, 1891; Shelton et al., 1992; Gaten, 1994 Nilsson, 1990 (not to scale). (Nilsson, 1989) . The parabolic superposition eye (Nilsson, 1988) (Nilsson, 1990 Trapezia sp.
Geryon tridens
Hemigrapsus sanguineus Nilsson, 1990 Gaten, present study Welsh & Chace, 1938 Land, 1976 Nilsson, 1983b Nilsson, 1990 Nilsson, 1988 Gaten, present study Gaten, present study Fincham, 1988 Gaten, present study Gaten, 1994 Gaten, present study Gaten, present study Gaten, present study Gaten, present study Nilsson, 1988 Nilsson, 1988 Nilsson, 1988 Gaten, present study Arikawa et al., 1987 Distribution of eye types within the Decapoda Apposition eyes are found in all the lower crustaceans that have compound eyes and in the lar- Nilsson, 1988 Family Portunidae Para Macropipus sp. Nilsson, 1988 Family Xanthidae Para/Ap Trapezia sp. Nilsson, 1988 Family Geryonidae (Ap) Getyon tridens (Nilsson, 1989; ). (Vogt, 1975) , prompted a number of authors to consider the relationships within the order in the light of this discovery. Land (1981) (Nilsson, 1983a (Nilsson, 1990 (Nilsson, 1990 (Stevcic, 1971 (Zharkova, 1975) and in the brachyuran Cymonomus (Rice, 1990 (Gaten, 1994) , although the eyes differ somewhat from those of the longbodied decapods because they use a rhabdomeric light guide to channel axial light from the crystalline cones to the rhabdom layer (Gaten, 1990 (Nilsson, 1988) , whereas refracting superposition eyes have been described from two species of Diogenidae (Nilsson, 1990) (Land, 1984) . It is also unlikely that each step in the evolution of the superposition eye could be reversed in such a way that a typical apposition eye would be the end product. For these reasons, it is assumed that the apposition eye found in some pagurids is the result of progenetic paedomorphosis, with the apposition optics found in the larvae retained in the adults.
Paedomorphosis is probably a common occurrence in the unstable inshore environment and has been implicated in the evolution of many crustacean orders (Schram, 1982 Schram, 1982; Wagele, 1989; Glaessner, 1969 (Guinot, 1977 (Gould, 1977) during the adaptive radiation of the Eubrachyura in the Upper Cretaceous (Glaessner, 1980 (Land, 1981 Given that the larval decapod eye is preadapted for the evolution of reflecting optics (Nilsson, 1983) (Fig. 4) Burkenroad (1963) , modified according to Fincham (1980) 
